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Abstract 

Within the kinetic energy driven superconducting mechanism, we study the interplay between superconductivity and 
the nodal and antinodal superconducting quasiparticle coherences in cuprate superconductors, and find the s-wave 
superconducting transition temperature is heavily suppressed by the antinodal superconducting quasiparticle coher- 
ence, while the d-wave superconducting transition temperature is enhanced, therefore the antinodal superconducting 
quasiparticle coherence plays a more crucial role in superconductivity of cuprate superconductors. 
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After twenty years intensive investigations, it has 
now become clear that cuprate superconductors 
are among the most complex systems studied in 
condensed matter physics [1]. These compounds 
have a layered structure of the square lattice of 
Cu02 plane separated by insulating layers, which 
leads to that cuprate superconductors are highly 
anisotropic materials, then the electronic excitation 
spectrum is dependent on the in-plane momentum 
[2,3]. The undoped cuprates are the Mott insulators 
with an antiferromagnetic (AF) long-range order 
(AFLRO), then upon the charge carrier doping, 
these compounds evolve into the superconductors 
leaving the AF short-range correlation still intact 
[1]. Experimentally, angle-resolved photoemission 
spectroscopy (ARPES) experiments have made 
a great deal of progress in the understanding of 
the underlying superconducting (SC) quasiparti- 
cle coherence of cuprate superconductors. On the 
one hand, superconductivity in doped cuprates re- 
sults when electrons pair up into Cooper pairs [2] 
as in the conventional superconductors. Although 
the SC pairing mechanism is beyond the conven- 



tional electron-phonon mechanism, the SC-state 
of cuprate superconductors [4] is the conventional 
Bardeen-Cooper-Schrieffer (BCS) like, so that the 
basic BCS formalism is still valid in discussions of 
the electron excitation spectrum. In particular, the 
information revealed by ARPES experiments has 
shown that around the nodal and antinodal points 
of the Brillouin zone contain the essentials of the 
whole low energy quasiparticle excitation spectrum 
of cuprate superconductors [2,3]. On the other hand, 
unlike the conventional superconductors, the SC 
quasiparticle coherence plays an important role in 
superconductivity of doped cuprates [5] . Although 
both nodal and antinodal SC quasiparticle peaks 
exist for a wide range of the doping, the nodal and 
antinodal SC quasiparticle coherent weights tend 
to zero at the zero doping [2]. In this case, a natural 
question is whether of the nodal [6] and antinodal 
[5] SC quasiparticle coherences plays a more crucial 
role for superconductivity in doped cuprates. 

Recently, we have developed a kinetic energy 
driven SC mechanism [7] based on the charge-spin 
separation (CSS) fermion-spin theory [8], where the 
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dressed holons interact occurring directly through 

the kinetic energy by exchanging the spin excita- 
tions, leading to a net attractive force between the 
dressed holons, then the electron Cooper pairs orig- 
inating from the dressed holon pairing state are due 
to the charge-spin recombination (CSR), and their 
condensation reveals the SC ground-state. In par- 
ticular, this SC-statc is controlled by both SC gap 
function and quasiparticlc coherence, then the max- 
imal SC transition temperature occurs around the 
optimal doping, and decreases in both underdopcd 
and ovcrdopcd regimes [9]. In this paper, we discuss 
the interplay between superconductivity and the 
nodal and antinodal SC quasiparticlc coherences in 
cuprate superconductors under this kinetic energy 
driven SC mechanism, and show that the s-wave 
SC transition temperature is heavily suppressed 
by the antinodal SC quasiparticlc coherence, while 
the d-wave SC transition temperature is enhanced, 
therefore the antinodal SC quasiparticlc coherence 
plays a more crucial role for superconductivity in 
doped cuprates. 

Very soon after the discovery of superconductivity 
in doped cuprates, Anderson [10] suggested that the 
essential physics of doped cuprates is contained in 
the t-J model on a square lattice, 

irja if (7 
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where r) = ±x, ±y, f = ±x ± y, Cj^ (Cia) is the 
electron creation (annihilation) operator, = 
CjaCi/2 is spin operator with a = {(Tx,cry,az) as 
Pauli matrices, and fi is the chemical potential. 
This t-J model is subject to an important local 
constraint J2a ^la^ic < 1 to avoid the double occu- 
pancy, which can be treated properly in analytical 
calculations within the CSS fermion-spin theory 
[8], where the constrained electron operators are 
decoupled as Ci| = h\^S~ and Cii = h\^S^ , with 
the gauge invariant spinful fermion operator /i/^ = 
e~***''/ij describes the charge degree of freedom to- 
gether with some effects of the spin configuration 
rearrangements due to the presence of the doped 
hole itself (dressed holon), while the spin operator 
Si describes the spin degree of freedom (spin) , then 
the electron local constraint for the single occu- 
pancy is satisfied in analytical calculations. In this 
CSS fermion-spin representation, the low-energy 
behavior of the t-J model can be expressed as [11], 



H = t Y.{hlf,yhi^S+Sr^. + hl-^hi^SrSt,^) 

ifj 
if 

~ l^^^^la f^ic + JeS^Si- Si+fj , (2) 
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with Jeff = (1 - S)'^J, and 6 = {h\^hia) = {h\hi) is 
the doping concentration. 

Since ARPES measurements [12] have shown that 
in the real space the gap function and pairing force 
have a range of one lattice spacing, then the or- 
der parameter for the electron Cooper pair in the 
doped regime without AFLRO can be expressed 
as [7,9], A = {C\^Cl.^ - 0^01^^) = "XiA,, 
with the spin correlation function xi = {S^S^_^-) 
and dressed holon pairing order parameter Ah = 
i^i+fjihi] — hi^,fi^hii), which shows that the SC or- 
der parameter for the electron Cooper pair is related 
to the dressed holon pairing amplitude, and is pro- 
portional to the number of doped holes, and not to 
the number of electrons. In this case, we [7,9] have 
shown within the Eliashberg's strong coupling the- 
ory [13] that the dressed holon-spin interaction can 
induce the dressed holon pairing state (then the elec- 
tron Cooper pairing state) by exchanging the spin 
excitations in the higher power of the doping con- 
centration, where the full dressed holon BCS type 
diagonal and off-diagonal Green's functions of the 
t-J model (2) have been obtained as [11], 

g{k) = ZhFik) — + — rV ' 

respectively, where the four-vector notation k = 
(k,,w„), = (1 -f Ck/i?hk)/2, 1/4 = (1 - 

\ Anz{k) \\ 6c = ZuFim^ + E^t^k)], 
while the static limit dressed holon effective gap 
function A,,(k) = ^(k, 

^) U=o and quasiparticle 
coherent weight Z^pi^L) = 1 — E^^''(k, a;) |t^=o, with 
the dressed holon self-energy functions from the 
spin bubble [9,11], 

p.p' 
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p,p' 

^^Y.'^{~p-m(jp',p). (6) 

where n(p',p) = (1//3) E.p^ + P), 

7k = (1/^) 6^"^-^ 71. = (1/^) Ef e*''-'. ^ is the 
number of the nearest neighbor or second-nearest 

neighbor sites, p = (p,?Pm), p' = {i)\ip'^), slo^(fc) 
and are the symmetric and antisymmetric 

parts of Y}-i\k)^ while the mean-field (MF) spin 
Green's function, D^^^-'^ip) = [{ipmf - w^J/Sp, 
with Bp, the MF spin excitation spectrum Wp, and 
MF dressed holon excitation spectrum have been 
given in Ref. [11]. 

Although Zhpi}^) still is a function of k, the 
wave vector dependence may be unimportant, since 
ARPES experiments have shown that around the 
nodal and antinodal points contain the essentials of 
the whole low energy quasiparticle spectrum [2,3]. 
Therefore in the following discussions, we only study 
the effects of the nodal and antinodal SC quasipar- 
ticle coherences on superconductivity, i.e., = 

ZfipO^) |k=[7r/2,7r/2] at the nodal point, and — 
Z/ii?(k) |k=[7r,o] at the antinodal point. On the other 
hand, for the understanding of the different infiu- 
ences of the SC quasiparticle coherence on the s- 
wave and d-wave SC-states, we consider, Ajj*^(k) = 
'^iz7k'*^ "^itti 7^*^ = 7k = (cosfc:c -I- cosky)/2 for 
the s-wave pairing, and A|j'^(k) = ^^ifz7u \ with 
7k'^ = (cosfca; — cosky)/2 for the d-wave pairing. In 
this case, the dressed holon effective gap param- 
eter and quasiparticle coherent weight satisfy the 
following two equations [9,11], 

l = i|E7l"^^^'^(k--)Uo, (7) 

k 

Zi''j-' = l-^[l\k^,u;)\^^0, (8) 

respectively, where a — s,d, a — N, A, and k^ ~ 
kftfjkA, with kftf = [7r/2,7r/2] and kA = [tt, 0]. 
These two equations must be solved simultaneously 
with other self-consistent equations [9,11], then all 
order parameters and chemical potential fi are de- 
termined by the self-consistent calculation. 

With the help of the above discussions, we now can 
obtain the dressed holon pair gap parameter in terms 
of the holon off-diagonal Green's function (4) as 
A|f) = (2/A^)Ek[7["¥4F^A('^itanh[i/?i?,k]/i?.k. 
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Fig. 1. The SC transition temperature T^^"^ as a function of 
doping in the d-wave (sohd Une) and s-wave (dashed hne) 
cases for t/J = 2.5 and t' /J = 0.3 with the SC quasiparticle 
coherence at (a) the nodal and (b) antinodal points. 

This dressed holon pairing state originating from 
the kinetic energy terms by exchanging the spin 
excitations also leads to form the electron Cooper 
pairing state [7,9], where the electron quasiparticle 
coherent weight and SC gap function are obtained 
from the electron diagonal and off-diagonal Green's 
fmictions G{i - j,t - t') = {{C^a{t)■,C]^{t'))) and 
rt(* - j,t - t') = {{Cl^{t);C]^{t'))), which are 
the convolutions of the spin Green's function and 
dressed holon diagonal and off-diagonal Green's 
functions, respectively, and reflect CSR [14]. This 
CSR transfers the dressed holon BCS type diagonal 
and off-diagonal Green's functions (3) and (4) into 
the corresponding electron BCS type diagonal and 
off-diagonal Green's functions, then the nature of 
the SC quasiparticle coherence is described by the 
simple BCS formalism [11], although the pairing 
mechanism is driven by the kinetic energy by ex- 
changing the spin excitations. Following our previ- 
ous discussions [9,11], we can obtain G'(fc) and r'l'(fc), 
then the electron quasiparticle coherent weight 
and effective SC gap parameter are evaluated as 
Z'^p^ w z\^j^/2 and A^'') « -Xi^h\ respectively. 

As we [7,9] have shown that the SC transition tem- 
perature Ti"-* occurring in the case of the SC gap 
parameter A^"^ = is identical to the dressed holon 
pair transition temperature occurring in the case of 
the dressed holon pairing gap parameter A|^°' = 0. 
In Fig. 1 , we plot the SC transition temperature Tjf'^ 
as a function of doping in the d-wave (solid line) 
and s-wave (dashed line) cases for t/J= 2.5 and 
t'/J — 0.3 with the SC quasiparticle coherence at 
(a) the nodal and (b) antinodal points. It is shown 
that for the s-wave symmetry, the maximal SC tran- 

(s) 

sition temperature TJ; occurs around a particular 
doping concentration, and then decreases in both 
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Fig. 2. (a) The nodal and (b) antinodal quasiparticle coherent 
hts Z^°'\t,) as a function of doping for t/J = 2.5 and 
t' /t = 0.3. Inset: the corresponding experimental results of 
the nodal [6] and antinodal [5] quasiparticle coherent weights. 

lower doped and higher doped regimes, while for the 
d-wave symmetry, the maximal SC transition tem- 
perature Tc'^^ occurs around the optimal doping, and 
then decreases in both underdoped and overdoped 
regimes. However, the s-wave SC transition temper- 
ature is heavily suppressed by the antinodal quasi- 
particle coherence, while the d-wave SC transition 
temperature is enhanced. Since the experimental re- 
sults [2,4,5] have shown that the SC-state in doped 
cuprates has the d-wave symmetry in a wide range of 
doping, then in this sense, the antinodal quasiparti- 
cle coherence plays a more crucial role for supercon- 
ductivity. These results also are consistent with the 
experimental evidence that the most contributions 
of the electronic states for cuprate superconductors 
come from the antinodal point [2,3]. 

The essential physics of superconductivity in the 
present case is the same as that in our previous dis- 
cussions [9,11]. The antisymmetric part of the self- 
energy T,'"^(k) (then zj^""*) describes the dressed 
holon (then electron) quasiparticle coherence, and 
therefore Z^"^ is closely related to the SC quasipar- 
ticle density, while the self-energy Sj''^ (k) describes 
the effective dressed holon (then electron) pairing 
gap function. In particular, Z^'' is doping depen- 
dent. To show this point clearly, we plot (a) the nodal 
and (b) antinodal SC quasiparticle coherent weights 
Z^\Tc) as a function of doping for t/J = 2.5 and 
t' /t = 0.3 in Fig. 2 in comparison with the corre- 
sponding experimental results of the nodal [6] and 
antinodal [5] SC quasiparticle coherent weights (in- 
set). As seen from Fig. 2, Z^p ^ grows linearly with 
doping, i.e., zj^"'' oc S, which together with the SC 
gap parameter [9,11] show that only 6 number of 
the coherent doped carriers are recovered in the SC- 
state, consistent with the picture of a doped Mott 



insulator with S holes [10]. Since the SC-order is 
established through an emerging SC quasiparticle 
[5], therefore the SC-order is controlled by both SC 
gap function and quasiparticle coherence, and is re- 
flected explicitly in the self-consistent equations (7) 
and (8), this leads to that the SC transition temper- 
ature increases with increasing doping in the under- 
doped regime, and reaches a maximum in the opti- 
mal doping, then decreases in the overdoped regime. 

In summary, we have discussed the interplay be- 
tween superconductivity and the nodal and antin- 
odal SC quasiparticle coherences in cuprate su- 
perconductors under the kinetic energy driven SC 
mechanism. It is shown that the s-wave SC transi- 
tion temperature is heavily suppressed by the antin- 
odal SC quasiparticle coherence, while the d-wave 
SC transition temperature is enhanced, therefore 
the antinodal SC quasiparticle coherence plays a 
more crucial role for superconductivity. 
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